The purpose of this study was to review literature that looked into the efficacy of the Glidescope video laryngoscope versus the Macintosh laryngoscope in oral endotracheal intubations. We aimed to answer the question 'Should the Glidescope video laryngoscope laryngoscopes be used as first line intubation aids or only in the difficult airway?' A systematic search of electronic databases was made. The inclusion criteria included: Glidescope, video laryngoscope, and Macintosh laryngoscope in human studies. The study aimed to compare first attempt success rate, glottic view and intubation time in papers dating between 2009 and 2017. Eleven trials with a total of 7,919 patients with both difficult and normal airways were included. The trials showed an improvement in first attempt success rate and glottic view with the Glidescope video laryngoscope especially in those with difficult airways. Overall time to intubate showed no significant differences between the Glidescope video laryngoscope and the Macintosh laryngoscope although it was identified that with increased training and experience with the Glidescope video laryngoscope, intubation time was reduced. Glidescope video laryngoscopes show advantages over the Macintosh laryngoscopes in obtaining better glottic views in those with difficult airways. However its use is not supported in all routine intubations.
Background
According to the 4th National Audit Project (NAP4) of the Royal College of Anaesthetists (RCoA 2011) in 2011, 2.9 million general anaesthetics are administered each year in the NHS of which 38% utilise tracheal intubations. Chaparro-Mendoza (2015) states that the leading cause of morbidity and mortality in general anaesthesia is the failure to intubate the trachea successfully. The NAP4 report goes further to state that aspiration is the single most common cause of death during anaesthesia; this is due to poor judgement and the failure to use alternative techniques and equipment to aid in successful intubation.
Whilst there has been an evolution in the types and variety of supra glottic airway devices, eg 2nd generation laryngeal mask airways (LMA), there is also a need to develop the next step in advanced laryngoscopy that will encourage safer and more effective methods of intubation in those patients who present with a difficult airway. Channa (2011) identified that failed intubations occured in around 0.5% or 1:2230 of surgical patients, with this incidence being higher in patients intubated in areas such as accident and emergency. Cook et al (2011) stated that the most frequent reported complication of airway management found by the NAP4 report was failed intubation. Failed intubation can lead to cerebral hypoxia and death (Ilyas et al 2014) .
The Association of Anaesthetists of Great Britain and Ireland published a guideline called The anaesthetic team (AAGBI 2010) . This document states that the anaesthetic assistant (either ODP or nurse) should be appropriately skilled and adequately trained to assist anaesthetists during the intubation of patients, in both elective and emergency situations. It is the responsibility of the ODPs to be skilled and up to date with any advances in airway management and the introduction of new equipment into theatres. ODPs also require knowledge of non-technical skills, for example help with decision making and offering alternative suggestions in situations such as managing the difficult airway. ODPs must have the knowledge on how to assemble and use these devices especially when working with junior inexperienced anaesthetists (Rutherford et al 2011) . Keeping up to date with current literature and studies helps facilitate this learning.
Over the last decade the introduction of video laryngoscopes as an alternative method for the management of suspected difficult intubations has become popular with anaesthetists (Healy et al 2012) . In 2015 the Difficult Airway Society (DAS) introduced video laryngoscopes into their flow chart for managing the unanticipated difficult tracheal intubation in adults (Frerk et al 2015) (see also Appendix 2).
The principle of all the video laryngoscopes is the same, they use video technology to produce an image of the laryngeal inlet independent of the line of sight, and the image is displayed on a small monitor either attached to the laryngoscope or on a remote screen (Voelcheck 2013) . The range of view on a video laryngoscope is increased to 60 degrees compared to that of standard Macintosh laryngoscope (ML) which gives a view of 15 degrees as shown in Figure 1 .
The theory behind this suggests that the improved view will increase the chances of first attempt intubation in those with a difficult airway. The types of video laryngoscopes available can be seen in Figure 2 .
The Glidescope is a commonly used video laryngoscope. The purpose of this review was to establish whether there is any indication that first attempt intubation success in the normal airway could be improved with the Glidescope video laryngoscope (GVL) compared to standard Macintosh blades and whether we should be using the GVL as a first line technique for all intubations.
Methodology
A systematic search of literature found in the following electronic databases PubMed, CINAHL and the CENTRAL was conducted to identify studies that compared Macintosh standard laryngoscope blade with the Glidescope video laryngoscope regarding successful first attempt intubation, glottic view and or time taken to intubate.
During the electronic search a total of 84 studies and reviews were identified; two of these were found in CENTRAL, 61 in PubMed and 21 in CINAHL. Of these, 11 studies and reviews were included in this paper totalling 7919 patients (Appendix 1). Any studies that included elements such as force applied when using laryngoscopes or changes in hemodynamic were included and the relevant data for this study was extracted. Although inexperienced users were included in the search, nurses and students were excluded from the final selection and only medical/anaesthetic trainees were included in the non-experienced category.
A manual search of current guidelines and recommendations relevant to the search was included. This was also restricted to the time period, 2009 to 2017, and included the term Glidescope intubation. The collected data was screened and articles and reviews were included that contained any of the following criteria:
• Comparison of GVL to direct laryngoscopy • Adult patients and contained any areas of interest such as the Cormack-Lehane view • First time intubation success rates • Time taken to successful intubation.
To ensure a wide range of results all types of studies were included. Experts and non-experts were included in the study and previous training in the use of video laryngoscopes was not essential. To gain a broader range of results all types of oral intubations were considered, including normal and difficult, based on the Cormack-Lehane (CL) view shown in Figure 3 .
In the NAP4 report (2011), one in four major airway events that were reported came from the emergency department (ED) or the intensive care unit (ICU). For this reason outside areas as well as theatre settings were included in the search. All papers included had gained prior ethics committee approval for the research. Informed consent was obtained in all studies where intubation was elective. For those requiring emergency intubation the approval committee agreed that consent could not be gained and overall patient care was not altered in any way. All data collected was input into a table and summarised to extract relevant data using a modified Cormack (2000) system (see Appendix 1).
Results

Literature search
The assessment of the research is summarised in Table 1 using a modified Critical Appraisal Skills Programme (CASP) tool and an adapted model used by Lu et al (2011) . This was due to the varying types of research conducted in the studies. 
The studies have been grouped using a thematic analysis to identify any patterns. The results are presented in Tables 2-4 to highlight the relevant information gathered and divided into areas of interest: first attempt success rate, glottic view and intubation time. Table 2 summaries that of the 11 research papers, six were conducted in the theatre setting and five in outside areas such as emergency departments (ED). Three were based on an expert user and eight were trainees performing the intubation.
Two papers with the qualified expert users recorded an improvement in first time intubation success rate with the GVL compared to one paper which documented that use of the ML provided a higher rate of successful first attempt intubation. With trainee users five compared to two papers favoured the GVL over the ML, although one paper found that with the GVL first attempt success rate was only significant higher in difficult airways.
One paper concluded that no significant difference was found between the GVL and the ML; this study had excluded known difficult airways (Aqil et al 2016) . Of the 11 papers, five excluded all known difficult airways from their results. In one study using trainees it was documented that although first attempt success rate was higher with ML, the intubation success rate with GVL improved as the number of performed intubations increased.
Of the included 11 studies only six included glottic view into their findings: four were conducted in theatre and two in outside areas. These results are summarised in Table 3 . Glottic view was improved in all six studies using the GVL compared to the ML; this was evident in both difficult and normal airways and across all areas of expertise.
Regarding time taken to successfully intubate the patient (see Table 4 ) shows that only seven out of the 11 papers included this result: five were conducted in the theatre setting and two in outside areas. Expert users found that intubation time was quicker using the ML compared to the GVL. The trainees found that intubation time was quicker using the GVL. In one of the studies using trainees the improvement in time taken to intubate was only quicker in those with difficult airways, those with normal airways showed no significance difference between the GVL and MLs (Ahmadi 2014).
Discussion
Healy et al (2016) recommended that, when comparing the performance of video laryngoscopes to direct laryngoscopes, studies must rely on three main outcomes. The first outcome is the overall success of the device, the second is the incidence of first attempt intubation and lastly the time taken to achieve intubation. For the purpose of this study, glottic view has also been included. Healy et al (2016) 
First attempt success rate findings
All 11 papers included first attempt success rate in their study; the overall outcome showed that intubation success was improved with the Glidescope compared to the ML in the majority of the studies. This outcome was measured in theatres and outside areas such as EDs and ICUs and by both expert and trainee users. Ahmadi (2014) noted that, although first attempt success rates were improved with the GVL compared to the ML, the difference was only significant in those with difficult airways. This comparison was also noted by Mosier et al (2011) and Ibinson et al (2014) who furthered this by stating that the GVL was used as a successful rescue device when direct laryngoscopy failed on first attempt.
Sakles et al (2011) found that first attempt success rates were higher with the use of the GVL especially in those with a predicted difficult airway. The authors concluded that any failed first attempt with the GVL was down to factors such as operator inexperience and the inability to direct the endotracheal tube into place. A further study in 2014 by Sakles and Mosier concluded that first attempt successful intubation rates with the GVL improved with the number of intubations performed and experience in both difficult and normal airways. This is confirmed by Mosier et al (2011), Misirlioglu and Sen (2016) and Cortellazzi et al (2015) who stated that there is a steep learning process required in the use of video laryngoscopes for both experienced anaesthetists and trainees. More training and use of video laryngoscopes will increase confidence and first attempt successful intubations in all airways.
Cortellazini et al (2015) concluded that, although first attempt success rate was higher with the ML as with the Sakles and Mosier (2014) study, the first attempt success rate with the GVL improved as the number of intubations performed increased. Griesdale et al (2012) and Chaparro-Mendoza et al (2015) documented in their systematic reviews of GVLs vs direct laryngoscopes that overall intubation success rates were higher in those with predicted difficult airways and when performed by trainees. Both concluded that no significant difference between laryngoscopes was recorded by experienced anaesthetists.
Improved glottic view findings
All the studies that included glottic view into their findings concluded that the overall view was improved with the GVL compared with the ML in all settings and by all users. Aqil et al (2016) highlighted that a good view of the glottis is essential for successful intubation. Parasa et al (2016) and Thong and Goh (2013) argued that a grade 1 or 2 CL view using the GVL does not guarantee first attempt intubation success. Healy et al (2012) and Voelckel (2013) supported this finding by stating that a good view of the glottis does not guarantee a successful intubation on first attempt and often it is down to operator experience with the laryngoscope that contributes to success.
Sakles et al (2011) documented that, although overall view was improved using the GVL, if the view became contaminated due to secretions etc then the laryngoscope ultimately became unusable and direct laryngoscopy was used to facilitate intubation. All studies found that a difficult view using the Macintosh might be improved with the backwards-upwardsrightwards-pressure (BURP) manoeuvre, but no benefit was found when using the GVL.
Although all the studies showed an improvement in the glottic view with the Glidescope, whether in normal or difficult airways, only Aqil et al (2016) concluded that the use of GVLs would be beneficial in the normal airway. The remaining studies concluded that the overall benefit of the Glidescope would be seen in those with difficult airways. Griesdale et al (2012) drew the same conclusion in their systematic review. Further studies agreed with this finding. Niforopoulou et al (2010) stated that those patients with CL views of 3-4 would benefit from the use of the GVL, as the 'blind' intubation would be converted into an intubation with a view and increase the rate of success.
Intubation time findings
When comparing GVL and the ML in relation to time to successful intubation, there was no consensus in the research. Studies concluded that the Glidescope intubation time was quicker in those with a difficult airway, but no significant difference was found in patients with a normal airway. However, comparing the results between the studies was difficult due to the difference in the definition of intubation time.
All studies began timing from the moment the laryngoscope passed the lips. The difference occurred at the end point: three studies classified successful intubation stopped timing once C0 2 was recorded on the monitor via the capnography ( Sakles et al (2013) and Bernhard et al (2015) argued that intubation time between the two devices was irrelevant and that in emergency situations first attempt success rate is more essential for securing a definitive airway. They found in both of their studies that the incidence of adverse events such as hypoxia was increased with each additional attempt at intubation. Ultimately time taken would also increase with repeated attempts to successfully intubate, as well as the incidence of airway trauma, odema, aspiration, hypoxia and cardiac arrest (NAP4) (AAGBI 2011). Therefore we should also consider which type of device would provide a higher first attempt success rate in both normal and difficult airways.
Sakles et al (2013) and Paolini et al (2013) predicted that eventually video laryngoscopes will dominate the field of dealing with emergency airways and that availability and training in the use of these should be implemented in all trusts and departments. Kelly and Cook (2014) stated that the training in the use of video laryngoscope should also include the ODP. A recent study by Pallister et al (2015) assessing the knowledge and skills of ODPs in setting up video laryngoscopes concluded that not all ODPs knew where the video laryngoscopes were located and how many they had in their trust. The study did highlight that those ODPs who had attended in house airway training sessions were more confident in the setting up of video laryngoscopes and offering them as an alternative during difficult airway situations. This skill is relevant in outside areas such as the ED and 'out of hours' intubations which are often performed by junior anaesthetists who rely on the knowledge and experience of the ODP.
The advantage of the GVL is that it allows the ODP to see the image on the screen and as such can respond much earlier to a situation when the intubator may be struggling. It gives the ODP the chance to anticipate the next step and have the necessary equipment to hand to offer alternative solutions to aid intubation. Video laryngoscopes provide human factor advantages by enabling the whole team to see what the person intubating is seeing which moves the management of an airway from an 'I to a we' scenario. (Kelly & Cook 2016) . If cricoid pressure is required the ODP will be able to see the effect that the pressure is having on the view and adjust placement and pressure as needed (Kaplan 2002) . If a trainee ODP is performing the cricoid pressure the supervising ODP can visualise and advise how to adjust their technique, making the GVL a useful training aid.
Recommendations and conclusion
From this review it is clear that the Glidescope laryngoscope is a useful intubation aid for those with a difficult airway for both experienced and trainee users. None of the studies supported the idea that that the use of the GVL would be beneficial in all routine intubations. Zaouter et al (2015) and Paolini et al (2013) recommended that all intubations should be performed using video laryngoscopes, to reduce the number of attempts and the time taken to establish a definitive airway, especially in those with an unpredicted airway. They concluded that only a cost issue is stopping this from occurring.
The Difficult Airway Society (DAS) 2015 guidelines are shown in Appendix 2. It is now recommended that all anaesthetists are trained in the use of video laryngoscopes and have access to them at all times (Frerk et al 2015) . Kelly and Cook (2014) furthered this by stating that routine use of video laryngoscopes is a vital part of training for trainees involved in airway management. More training and the use of video laryngoscopes will increase confidence and first attempt successful intubations in all airways.
Considerations for future practice
Although it is still unclear whether there are any overall advantages in the routine use of video laryngoscopes, the question still remains: Are video laryngoscopes the best care in all cases? This review does highlight a need for them during difficult intubations. This is indicated in the NAP4 and DAS recommendations. The question needs to be: Are we as ODPs adequately trained in the use of the video laryngoscopes? There is often no formal training in the workplace, even though such programmes would be beneficial for both qualified and trainee ODPs as well as junior anaesthetists.
The introduction of a structured training package including simulation scenarios run in-situ would be beneficial to both ODPs and trainee anaesthetists. Another option would be to run dedicated airway lists whereby all patients on these lists would be intubated using the GVL. This would provide realism for the ODP and the trainees and give them the opportunity to use the GVL in a controlled and supervised situation. 
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